
United States Patent and Trademark Office 



(;MTED vSTA I KS DEPaR I MENT OK COMMERCE 
Linted States Patent and Trademark Office 
Address: COMMiSSfONER FOR PATENTS 
P.O.Bfrt 1450 

Alewindriji, Virginia 223J3-I450 



APPLICATION NO. 



FILfMCi DATE 



FIIOT NAMED INVBNTOR 



I ATTOi<NBY D(X KBT NO. | CQNFIILMATJON NO. | 



10/001,683 



2IS74 



10/25/2001 



JeilrcyM. Calvert 



7590 ommm 

EDWARDS & ANGELL, LLP 
P.O. BOX 55B74 
BOSTON, MA 02205 



50765 



3177 



EXAMINER 



Ml/TSCHLER, BRIAN L 



ART UNIT 



PAPER NUMBER 



1753 

DATE MAILED: 08/31/'2004 



Please find below and/or attached an Office conununication concerning this application or proceeding. 



PTa-90C (Rev. 10/03) 



Office Action Summary 



Application No. 

10/001,683 



Examiner 

Brian L Mutschler 



^ ^ 1753 

The MAILING DATE of this communication appears on the cover sheet with the correspondence addre^ 



Applicant(s) 

CALVERT ETAL 



Art Unit 




Period for Reply 
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DETAILED ACTION 

Comments 

1 . The objection to claims 1 and 12 has been overcome by Applicant's amendment 
to the claims. 

2. The rejection of claims 1 , 2, and 14 under 35 U.S.C. 102(b) over Sakamoto et al. 
has been overcome by Applicant's amendment to the claims requiring the substantial 
filling of the apertures. While Sakamoto et al. do teach the electroplating of copper 
within the apertures, it is not clear to what extent the apertures are filled, and therefore 
the reference does not antidpate the claims. 

3. The rejection of claims 8-1 3 under 35 U.S.C. 1 03 over BP '078 as the primary 
reference has been overcome by Applicant's amendment to the claims. Amended claim 
8 now requires the step of subjecting the devices to a cathodic activation step plus a 
seed layer repair process selected from lateral growth enhancement and solution seed 
layer deposition. 

Drawings 

4. The drawings were received on July 12, 2004. These drawings are acceptable. 

Claim Rejections - 35 USC § 103 

5. The following is a quotation of 35 U.S.C. 1 03(a) which fomns the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
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invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

6. Claims 1-5, 7, 14-16, and 18 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over EP 1 005 078 A1 , herein referred to as EP '078, in view of either 

Sakamoto et al. (U.S. Pat. No. 5,788,830) or Carano et al. (U.S. Pat. No. 6,375,731). 

Regarding claims 1 and 14, EP '078 discloses a method of electroplating 
electronic devices, wherein each device has openings with high aspect ratios and a 
copper-containing seed layer (col. 3, lines 21-31). A cathodic activation step reduces 
copper oxide on the seed layer (col. 4, lines 37-58). A copper film is electroplated over 
the seed layer (col. 6, lines 18-35). The cathodic activation step reduces the likelihood 
of void formation and allows the plating of material within the opening "without having to 
worry about void formation" (col. 7, lines 19-23). 

Regarding claim 2, the seed layer comprises copper and copper oxide (col. 5, 
line 58 to col. 6, line 5). 

Regarding claims 3 and 15, the electronic devices comprise wafers (col. 3, lines 
34-38). 

Regarding claims 4 and 16, the device further comprises a barrier layer (col. 3, 
lines 48-52). 

Regarding claim 5, the barrier layer may comprise tantalum, titanium, 
molybdenum, cobalt, nitrides of those materials, or the like (col. 3, lines 48-52). 

Regarding claims 7 and 18, the openings have an aspect ratio of at least 2:1 (col. 
3, lines 45-47). 
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The method of EP '078 differs from the instant invention because EP '078 does 
not disclose a step of testing the electronic device for voids, and if voids are found, 
using additional seed repair steps, as recited In claims 1 and 14. 

EP '078 discloses that the electroplated have a low likelihood of voids (col. 7, 
lines 1 9-23). In order to detemnine if the electroplated layers have a low likelihood of 
voids, some form of test must be performed to determine the presence or absence of 
voids. Both Sakamoto et al. and Carano et al. disclose the use of tests to test for voids. 
Sakamoto et al. teach the use of backlight tests and solder shock tests to test for voids 
(col. 7, lines 44-51). Carano et al. teach the use of a hot oil thermal shock test to test 
for voids (col. 7, lines 58-62). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the method of EP '078 to test the electroplated 
layer for voids to confirm that the electroplated layers are indeed void-free as taught by 
Sakamoto et al. and Carano et al. because voids can decrease the reliability of 
electronic devices and testing for voids determines that the voids are not present. 

Since the method of EP '078 does not create voids, seed layer repair steps are 
not necessary, and the combination meets the minimum process limitations required by 
the instant claims. 

7. Claims 6 and 1 7 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 
EP 1 005 078 A1 in view of either Sakamoto et al. (U.S. Pat. No. 5,788,830) or Carano 
et al. (U.S. Pat. No. 6,375,731), as applied above to claims 1-5, 7, 14-16, and 18, and 
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further in view of either Reid (U.S. Pat. No. 6,024,857) or Andricacos et al. (U.S. Pat. 
No. 6,395,164). 

EP '078 and Sal<amoto et al. or Carano et al. describe a method having the 
limitations recited in claims 1-5, 7, 14-16, and 18, as explained above in section 6. EP 
'078 further teaches, "Semiconductor devices continue to be shrunk to smaller 
dimensions" (col. 1, lines 12-14). 

The method described by EP '078 and Sakamoto et al. or Carano et al. differs 
from the instant invention because they do not disclose that the apertures have a width 
less than or equal to 1 \irr\, as recited in claims 6 and 17. 

Reid discloses an electroplating method for plating void-free metal layers within 
apertures having aspect ratios of 4:1 or greater and dimensions less than 0.25 pm (col. 
3, lines 4-12; col. 8, lines 12-30). 

Andricacos et al. disclose a seed repair method for forming a seed layer that is 
subsequently electroplated (col. 1, lines 42-51). The method is used for apertures 
having dimensions less than 0.25 pm and aspect ratios greater than 3:1 (col. 1 , lines 
28-33). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have used the method described by EP '078 and Sakamoto et 
al. or Carano et al. to plate apertures having a width of less than 1 pm as taught by both 
Reid and Andricacos et al. because smaller apertures lead to faster and smaller 
electronic devices and Reid and Andricacos et al. teach that such apertures can be 
similarly electroplated in a void-free manner. 
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8. Claims 8-13 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Chen (U.S. Pat. No. 6,197,181) in view of either Sakamoto et al. (U.S. Pat. No. 
5,788,830) or Carano et al. (U.S. Pat. No. 6,375,731). 

Regarding claim 8, Chen discloses a method for manufacturing electronic 
devices comprising the steps of depositing a barrier layer 10 by PVD or CVD and 
depositing an ultra-thin copper seed layer 15 on the barrier layer by either PVD or CVD 
(col. 4, lines 1-20). The discontinuous copper seed layer 15 is then enhanced by 
electroplating copper 18 onto the seed layer (fig. 2C). As seen in Figure 2E, the seed 
layer enhancement prevents the formation of voids present in the prior art methods as 
shown in Figure 1 . Following the electroplating of copper 18 using an alkaline solution, 
the device is then subjected to acid electroplating to completely fill the apertures within 
the substrate (fig. 2D). Chen further teaches that the copper seed layer is typically 
exposed to an oxygen-containing environment, which results in the formation of copper 
oxide on the seed layer (col. 7, lines 25-45). Using the alkaline copper bath reduces 
(i.e., cathodically activates) the copper oxide at the surface of the seed layer (col. 7, 
lines 25-45). 

Regarding claim 9, the electronic devices comprise wafers 30 (col. 5, lines 20- 

33). 

Regarding daimslO and 1 1 , the device comprises a banier layer 10 made of 
tantalum nitride or titanium nitride (col. 3, lines 1-10). 
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Regarding claims 12 and 13, tine apertures have a width ^ 1 Mm and an aspect 
ratio between 1:1 and 1:10 (see fig. 5; scale bar = 1 |jm). 

The method of Chen differs from the instant invention because Chen does not 
disclose a step of testing the electronic device for voids, and if voids are found, using 
additional seed repair steps, as recited in claim 8. 

Chen teaches that the enhanced seed layer process avoids the formation of 
voids present in prior art methods. In order to determine if the electroplated layers have 
a low likelihood of voids, some form of test must be performed to determine the 
presence or absence of voids. Both Sakamoto et al. and Carano et al. disclose the use 
of tests to test for voids. Sakamoto et al. teach the use of backlight tests and solder 
shock tests to test for voids (col. 7, lines 44-51 ). Carano et al. teach the use of a hot oil 
thermal shock test to test for voids (col. 7, lines 58-62). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the method of Chen to test the electroplated layer 
for voids to confirm that the electroplated layers are indeed void-free as taught by 
Sakamoto et al. and Carano et al. because voids can decrease the reliability of 
electronic devices and testing for voids determines that the voids are not present. 

Since the method of Chen does not create voids, further seed layer repair steps 
are not necessary, and the combination meets the minimum process limitations required 
by the instant claims. 
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Response to Arguments 

9. Applicant's arguments filed on June 4, 2004, have been fully considered but they 
are not persuasive. 

1 0. Regarding the rejection of claims 1 -5, 7-11 , 1 3-1 6, 1 8, and 1 9, Applicant, 
"Nothing in [EP '078] teaches or suggests how to repair seed layers after voids have 
been found in apertures that are at least substantially filled with the electrodeposited 
metal" (see page 8 of Applicant's response). While EP '078 may not teach how to 
repair seed layers after voids have been found, it is noted that the claimed method does 
not require the step of finding voids. A method that does not create voids satisfies the 
limitations recited in the claims. 

1 1 . The limitation "wherein a layer of metal electroplated on the seed layer of a first 
electronic device to at least substantially fill the apertures has voids" does not positively 
limit the claims. The recited method steps have no relation to the first electronic device. 
The presence of voids in a first electronic device has nothing to do the performance of 
the claimed method steps. Prior failures are irrelevant to the performance of the recited 
method. The instant claims recite a plurality of processes, wherein if a first process 
does not achieve a void-free deposit, a second process is used. However, the second 
process is only needed if the first process does not provide void-free deposits. The 
prior art references cited above (EP '078 and Chen) teach the formation of void-free 
deposits on the first attempt. In order to ascertain whether or not the deposits are free 
of voids, it would be obvious to test the deposits for voids. Once the void-free nature of 
the deposits is ascertained, no modifications to the procedure are necessary. 
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1 2. Applicant furtlier argues ttiat Sakamoto fails to teach or suggest apertures that 
are at least substantially filled with metal (see page 8 of Applicant's response). This 
argument is not persuasive because Sakamoto is not relied upon to teach substantially 
filling apertures. EP '078 and Chen both teach methods wherein the apertures are 
substantially filled. Sakamoto is relied upon to teach methods for testing electroplated 
features for voids. 

1 3. Regarding the rejection of claims 6, 1 2, and 1 7, Applicant argues that Reid does 
not teach the formation of a seed layer (see page 9 of Applicant's response). The 
teachings of Reid are not relied upon to teach the formation of a seed layer. Reid 
teaches a method for electroplating vias having a prescribed aspect ratio. Similarly, 
Applicant argues that Andricacos et al. do not teach the repair of seed layers. Likewise, 
the teachings of Andricacos et al. are not relied upon to teach the repair of seed layers. 
Such repair techniques are already taught by the primary references of EP '078 and 
Chen. 



Conclusion 

14. Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 
CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
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TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Brian L. Mutschler whose telephone number is (571) 
272-1341 . The examiner can normally be reached on Monday-Friday from 7:30am to 
4:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor. Nam Nguyen can be reached on (571) 272-1342. The fax phone number 
for the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-21 7-91 97 (toll-free). 



BLM 

August 23, 2004 




